ABSTRACT
INTRODUCTION
Aminoglycosides are a group of antibiotics that are frequently used for the treatment of severe gram-negative bacterial infections. However, the use of aminoglycosides, and especially gentamicin, are limited by their toxicity. Nephrotoxicity, otoxicity and neuromuscular blockage are their main side effects. Nephrotoxicity is observed in approximately 10-20% of patients using gentamicin (1) . Gentamicin nephrotoxicity is characterized by tubular damage associated with tubular epithelial cell toxicity (1) . It has been demonstrated in certain experimental animal studies that free oxygen radicals play a role in nephrotoxicity, and that the use of antioxidants such as vitamin E and selenium decreases nephrotoxicity (2, 3) .
Numerous studies have been conducted regarding the antioxidant effects of garlic, and its beneficial effects have been described for various diseases (4) . It has been reported that the antioxidant effects of garlic are associated with its ability to remove reactive oxygen species, to enhance endogenous anti-oxidation systems, and to inhibit the formation of lipid peroxides and the oxidation of low density lipoproteins (LDLs) (4) .
It has been reported in recent studies that the antioxidant effects of garlic are derived from the active compounds S-Allylcysteine (SAC), S-Allylmercaptocysteine, Diallyl Disulfide and Diallyl Sulphide (5,6). Pedraza-Chaverri et al. have described that the renal damage caused by gentamicin could be reduced with a garlic diet (7). Maldonado et al. have fed aged garlic extracts to rats administered with gentamicin, and determined that these extracts' antioxidant effects prevented the increase of carbonyl and nitrotyrosine levels in the renal cortex (8) .
In this study, we aimed to demonstrate the effect of a 4% pulverized garlic supplemented diet on the nephrotoxicity induced by gentamicin in rats.
MATERIALS AND METhODS
Our study was started following the approval of the Local Ethics Committee. Twenty four healthy and active male Wistar rats, weighing between 220 -260grams, were used within the context of this study.
Study Groups
Group I (n = 8): Experimental nephrotoxicity was induced by administering intraperitoneal gentamicin once daily at 120mg/kg/day, according to the rats' body weight, for 14 days. During this period, the rats were provided with a standard laboratory rodent diet.
Group II (n = 8): Experimental nephrotoxicity was induced by administering intraperitoneal gentamicin once daily at 120mg/kg/day, according to the rats' body weight, for 14 days. During this period, the rats were provided with a garlic supplemented diet, which was prepared by adding pulverized whole garlic cloves to the standard chow at a 4% proportion.
Group III (n = 8):
Intraperitoneal injections of 0.9% NaCl were performed once daily to the rats in the control group for 14 days. The rats were then provided with a standard laboratory rodent diet for the remainder of the day.
All animals had free access to water and food. The consumption of total chow amount was noted for each group. The weight of each rat was controlled at the beginning and the end of the study.
On the 15th day, all rats were kept inside specially-designed metal containers. Owing to the special design of these metal containers, urine from the rats was collected in a reservoir located below. The volume (mL), microalbumin (mg/L), creatinine (mg/dL), Na (mmol/L), K (mmol/L), Cl (mmol/L), P (mg/dL), N-acetyl glucosamine (NAG) (U/L) and pH values were measured for the samples collected from this reservoir.
Urea (mg/dL), creatinine (mg/dL), total protein (g/dL) and cystatin (mg/L) values were then measured for the blood samples obtained from tail veins.
Laboratory
Serum cystatin C (DAKO Cystatin C, Copenhagen, Denmark) and urine microalbumin (Roche, Basel, Switzerland)) concentrations were determined by latex particle enhanced immunoturbidimetry using an automated analyzer (Roche Integra 800, Basel, Switzerland). The serum and urine creatinine levels were detected by the kinetic Jaffé method. Blood urea values were measured by the kinetic method. Serum total protein and urinary phosphate levels were determined by the colorimetric method on Roche Integra 800. Urine, sodium, potassium and chloride were measured by indirect potentiometric method. NAG activity was determined by a commercially available kit (Diazyme Laboratories, San Diego, CA) using a Shimadzu UV 1601 spectrophotometer (Shimadzu Co, Kyoto, Japan). Urinary pH was measured by semi-quantitative paper strips (Macherey-Nagel, Duren, Germany).
Statistical analysis
"SPSS 11 for Windows" statistics software pack was used for statistical estimations. A non-parametric Kruskal-Wallis test and Mann-Whitney U test were used for group comparisons. The data were identified as medians and interquartile ranges (IR). A p-value lower than 0.05 was required for statistical significance.
RESULTS
No significant change was observed in the mean rat weights measured at the beginning and end of the study (p > 0.05). The consumption of total chow amount was almost the same for each group (3000 ± 150g) (p > 0.05).
Urine Samples: A comparison of Groups I and II with Group III (the control group) with respect to urine volume, microalbumin, creatinine, Na, K, Cl, P an pH levels revealed no statistically significant differences (p > 0.05) ( Table-1 [65.750-87.130 U/L]), which received gentamicin and the normal diet, was found to be statistically significantly higher (p = 0.010) than the value for the control group (Group III) ( Table-2) .
Serum Samples: A comparison of Group I and II with Group III (the control group) with respect to urea, creatinine, total protein, and cystatin levels revealed no statistically significant differences (p > 0.05) ( Table-2 
DISCUSSION
NAG is a high molecular weight enzyme, which, under normal circumstances, cannot cross into the glomerular filtrate. For this reason, the source of NAG in urine is the proximal tubule cells. As an indicator of necrosis, NAG excretion via urine increases in case of kidney diseases that affect the proximal tubule cells, or in case of nephrotoxic drug use (9). In our study, the excretion of NAG in Group I rats, in which we induced nephrotoxicity and administered a normal diet, has increased in comparison to the control group (p = 0.010). In Group II rats, in which we induced nephrotoxicity and administered a garlic diet, the level of NAG excretion was, due to the antioxidant effects of garlic, found to be similar to the levels observed in the control group. It was shown that urinary NAG level is a sensitive parameter for the early assessment of subclinical nephrotoxicity (10) . Why only NAG values differed in the groups can be explained by the fact that, in comparison with other parameters, increased urinary NAG levels show nephrotoxicity in a still early phase. The cystatin C protein is a member of the cysteine protease family that is produced at a constant rate by cells with nucleus. Due to its low molecular weight, cystatin C filters freely through the glomeruli, with its reabsorption and metabolism taking place mainly in the proximal tubule (11) . For this reason, cystatin C can be used as an indicator during the evaluation of renal function (12) . In our study, we observed that the level of cystatin C in Group I rats (median: 2.240 U/L, IR: [1.760-2.510 U/L]), in which we induced nephrotoxicity and administered a normal diet, was higher in comparison to the Group II rats (median: 1.360 U/L, IR: [0.900-1.630 U/L]), in which we induced nephrotoxicity and administered a garlic diet.
The advantages of aminoglycosides include their rapid and high antibacterial effect, low potential for the development of resistance, synergistic effect with beta-lactam antibiotics, and low cost. However, their clinical use is limited by their side effects, and especially their high nephrotoxicity by reactive oxygen species and oxidative stress (1). Gentamicin nephrotoxicity has been reproduced in various experimental animal models (mice, rat and rabbit) (13) (14) (15) , and numerous agents (1, 16, 17) have been studied in order to investigate their ability to reduce this nephrotoxicity. As reported by Badreldin HA et al., medicinal plants extracts, compounds from aged garlic, withania somnifera, sesame oil (sesamum indicum, antioxidant vitamins C and E), nitric oxide, and dihydropyridine calcium channel blockers are some of the agents that have been studied (18) . The pharmacological activity of garlic stems from its high organosulfur content (19) . It is known that garlic has a preventive effect against immune disorders, intestinal irregularity, atherosclerosis, cancer, arthritis and respiratory infections, and that it also has hypolipidemic, hypoglycemic, antihypertensive and antithrombolytic effects (20) (21) (22) . The most important factor that contributes to garlic's protective properties against disease is its anti-oxidant effect (4 (26) . In addition, Banerjee et al. have demonstrated that garlic confers a protective effect to kidney and liver cells against oxidative damage by increasing the levels of endogenous antioxidant enzymes such as superoxide dismutase and catalase (21) .
In an experimental study they have conducted, Pedraza-Chaverri et al. have induced kidney damage and oxidative stress in rats by administering gentamicin. It was demonstrated that, between the group provided with a garlic diet and the control group, there were no significant differences in the plasma glutathione peroxidase enzyme activities, as well as the kidney superoxide dismutase, glutathione peroxidase and kidney catalase enzyme activities (7) . In another study, Maldonado et al. have investigated the antioxidant effects of garlic in experimental animal models by inducing nephrotoxicity with gentamicin. They reported that aged garlic extracts prevented an increase in carbonyl and nitrotyrosine levels in the renal cortex, and that the extracts also precluded a decrease in the activity of antioxidant enzymes (manganese-containing superoxide dismutase, glutathione peroxidase, glutathione reductase) (6) .
To the best of our knowledge, this study is the first to use cystatin C in addition to NAG for demonstrating gentamicin-related nephrotoxicity. This study might serve as a guide for determining and, if necessary, for taking early measures against nephrotoxicity that might develop in humans at normal usage doses. For this reason, it is necessary to further confirm the findings of this study within the context of human clinical studies.
Limitations of our study are the small sample size and the fact that no more control groups were included. No gentamicine and garlic diet group might have rendered the study more powerful.
CONCLUSIONS
Using parameters NAG in urine samples and cystatin C in serum samples we showed the effect of 4 % garlic supplemented diet for preventing nephrotoxicity induced by gentamicin in rats. Following the completion of future clinical studies, we believe that, in order to prevent nephrotoxicity, garlic extracts can be provided to gentamicin-receiving patients.
